The pollen morphology of seven of the eight species of Erodium L'Herit. (Geraniaceae), that are found in southern Africa, has been studied. The pollen grains are tricolporate, prolate spheroidal to suboblate. The exine structure is reticulate to striate. Only the Erodium type of pollen was observed. The nexine consists only of nexine 1 (footlayer).
Introduction
other genera by the five fertile stamens and five staminodes. The family Geraniaceae includes the five genera, Erodium L'Herit., Geranium L., Monsonia L., Sarcocaulon (DC.) Sweet and Pelargonium L'Herit. (Hutchinson 1969 ). The family is divided into two tribes, the Geranieae, which includes Erodium, Geranium, Monsonia and Sarcocaulon, the flowers of which are all basically actinomorphic, while Pelargonium, with zygomorphic flowers, is the sole genus of the Pelargonieae. The common diagnostic feature of all five genera is the schizocarpic fruit. Erodium is distinguished from the Erodium includes about 60 species of annual or perennial herbaceous plants. Leaves are pinnate or undivided to pinnatifid to pinnatisect. The size and shape of leaves can vary considerably between populations and variation is often also pronounced within populations (Dahlgren 1980) . The centre of distribution is the Mediterranean region where 46 species occur, with an extension into Central Europe. Only seven species are not found in either Europe or the Mediterranean region. Of these one is in Central Asia, one in East Asia, one In a preliminary study Bortenschlager (1967) showed that the pollen morphology of the Geraniaceae varies. Since the family is under revision [Pelargonium (Van der Walt 1977 , 1984 Van der Walt & Vorster 1981; Vorster 1986; Vorster & Van der Walt 1983) , Monsonia already completed by Venter (1979) and Sarcocaulon by Moffett (1979) ], this investigation was undertaken to determine whether pollen morphology could supplement taxonomic evidence from a systematic study of the southern African Erodium species.
Materials and Methods
For this study, pollen was taken from either herbarium specimens or from material collected in natural habitats. The collectors and the localities where materials were obtained are shown in Table 1 . Seven southern African species were studied (Table 1) . Pollen of E. ruthenicum M. Bieb. was not available.
For both light microscopy (LM) and scanning electron microscopy (SEM) study, pollen was acetolysed according to the method of Erdtman (1960) . Acetolysed samples for SEM were rinsed in acetic acid, washed twice in water, air-dried on stubs, coated with gold and examined with an lSI 100 SEM at 20 kV. For light microscopy the remainder of acetolysed material was prepared according to the method of Reitsma (1969) . Samples were examined with a Zeiss Photomicroscope. S.-Afr. Tydskr. Plantk., 1987, 53(4) Measurements of pollen grain size are based on a minimum of 15 grains per specimen. A complete set of slides is filed in the Department of Botany, University of the Orange Free State, Bloemfontein. For transmission electron microscopy (TEM) fresh material was used. Anthers were fIxed in 3070 phosphate buffered glutaraldehyde (0,1 mol dm 3 phosphate buffer, pH 7,0), postfixed in 1070 phosphate buffered osmium tetroxide, dehydrated in ethyl alcohol, followed by two changes of propylene oxide and embedded in Spurr's low viscosity resin (Spurr 1969) . Sections were made with a diamond knife, stained with uranyl acetate and then lead citrate (Reynolds 1963) .
Results
Pollen grains are tricolporate, prolate spheroidal to suboblate. In size they range from 36 to 85,5 !lm (polar diameter) and 34,5 to 79,5 !lm (equatorial diameter) ( Table 2 ). Ora are round to lolongate. The ora are generally well delimited towards the poles but less distinctly so laterally (Figure 1) .
Exine structure is semitectate and reticulate to striate (Figures 2 -5 ). Supratectal processes are absent. A striate pattern where the lirae are interwoven (Figure 5 ), and width of lirae and striae ± the same, is the most common exine pattern among the species investigated. In the same species however a range of exine variation from striate interwoven to reticulate (Figures 6 & 7) was observed. The striate interwoven to reticulate exine structure was observed in E. botrys, is formed by ± parallellirae which are often dividing. Adjacent lirae are interconnected by thinner lirae (Figures 8 & 9) . The exine is divided into sexine and nexine, which are of similar electron density. Sexine layering is as usual, with sexine 4,1 to 5,9 !lm thick (Table 3) , attached to the nexine (0,6 to 1,2 !lm thick) by means of columellae which unite into a tectum above (Figure 10 ). Sexine, nexine and intine thicknesses were taken from thin sections. Nexine consists only of nexine I (footlayer) with traversing channels present (Figure 10 ). The intine is 0,6 to 1,8 !lm thick, and starch grains are present in the cytoplasm. Bortenschlager (1967) examined 33 Erodium species and recognized two basic types, namely Geranium multiflorum and Erodium. The Geranium multiflorum type is characterized by supratectal processes and was observed by Bortenschlager (1967) (Boucher 2000) , polar view. 9. E. incarnatum (Boucher 2000) , detail of ± parallel and dividing lirae. Scale in polar view equals JO ).1m and I ).1m in detail figures . Hirtum subtype the striate interwoven exine structure. In his examination of 35 Middle Eastern Erodium species of which 13 of Bortenschlager's species were re-studied, EIOqlah (1983) also identified the two basic pollen types, namely Geranium multiflorum and Erodium. The Geranium multijlorum type was observed in five species, namely E. bryoniaefolium, E. guttatum, E. arborescens (Desf.) Willd., E. litvinovi Woron., and E. oxyrchynchum M. Bieb. EI-Oqlah (1983) demonstrated that a continuous range of sculptural variation occurs within the Erodium type of pollen which makes it impossible to identify subtypes. In E. grassifolium L'Herit. considerable sculptural variability was recorded to the extent that the E . hirtum SUbtype and E. gruinum subtype were recorded in different samples of the same species. It is thus concluded by EI-Oqlah (1983) that it is impossible to recognize discrete subtypes simply on tectal sculpture.
Discussion
In this study sculptural variation was observed in the same species between striate interwoven exine (Hirtum subtype) and reticulate exine (Corsicum subtype), but not between the Hirtum and Gruinum subtype as observed by EI-Oqlah (1983) . This study revealed that subtypes as found by BortenschIager (1967) can be distinguished, but because of a range of sculptural variation between subtypes in the same species, subtypes cannot be used for identification and intermediate forms are difficult to place in a specific subtype.
